The application of computerized tomography to orbital diagnosis was first evaluated by Ambrose et al. (I974) and by Gawler et al. (I 974). Since then numerous publications have appeared detailing the technique for orbital scanning and recording the findings in specific pathological conditions such as tumours, inflammatory processes and dysthyroid exophthalmos. The presence of fat in the intraconal space acting as a natural contrast medium has made computerized tomography a very rewarding exercise in orbital diagnosis. After plain X-ray of the skull, it is the principal method of investigation of patients presenting with unilateral exophthalmos in suspected orbital disease. Other investigations -ultrasound, orbital venography, carotid angiography -are ancillary to it.
Diagnosis
The diagnosis of intra-orbital pathology cannot be considered in isolation from the general investigation of patients presenting with unilateral exophthalmos, since the latter is the presenting sign in almost all patients with suspected orbital pathology whether primary or secondary. The impact of any new method of orbital investigation can therefore only be evaluated in terms of its effect on the general investigation of proptosis. In this respect, computerized tomography scores heavily over the other available method of soft tissue imaging -ultrasound -in that it has made a profound contribution to the investigation of all causes of proptosis whether intra-or extraorbital; whereas ultrasonic diagnosis is virtually confined to the eye and immediate retrobulbar space.
Orbital disease may be divided into primary, originating within the orbit, and secondary by extension of pathology from neighbouring structures, i.e. the cranium, paranasal sinuses or nasopharynx.
Primary orbitaldisease
The aetiology of a mass in the orbit may, in some instances, be determined by its site of origin. Most optic nerve tumours, whether gliomas or meningiomas, show as enlargements of the optic nerve. The location of a mass with respect to the rectus muscle cone is also a guide to the possible aetiology. The commonest tumour in this category is a lacrimal gland neoplasm. These are as a rule readily palpable; computerized tomography is not needed to make the diagnosis, but is useful to show the soft tissue extent ofthe tumour prior to surgery. Malignant disease may also be located extraconally, for example metastases and lymphomas; and dermoids are usually found in the roof of the orbit outside the muscle cone. Another tumour which falls into the same category is an orbital haemangiopericytoma. In six. examples encountered, all have been predominantly extraconal in location.
Some differentiation of the common intraconal space-occupying lesions found in the orbit is possible on the basis of their shape and density (CT morphology). Benign encapsulated tumours are readily identified on this basis. The commonest is a cavernous haemangioma ( Figure 2 ); these show a mass of rounded contour and even density sometimes almost completely circular in outline and their exact location can be determined by coronal studies (Figure 3 ). Another tumour which may be indistinguishable on computerized tomography Figure 2 in the intraconal space from a cavernous haemangioma is a neurilemmoma; these are on average larger than the cavernous haemangioma, but radiological differentiation is not necessary, since the treatment is the same in either case, namely excision by lateral orbitotomy. Another lesion which has been encountered, and which may present not dissimilar features, is . . an extradural meningioma, a type of meningioma occasionally seen in the orbit, which is not derived from the optic nerve sheath.
.The benign encapsulated tumours may be clearly distinguished from infiltrative processes occurring: within the rectus muscle cone. Typical of the latter are the pseudotumours or' granulomas; these may be distinguished from the clearly defined tumours described above, by their ill-defined edge and uneven density. Pseudotumours may extend both inside and outside the muscle cone; they may involve lacrimal gland; they may sometimes be bilateral; and they may cause local muscle enlargement. This latter sign is by no means specific, however, since it may occur in a variety of other conditions, most commonly dysthyroid exophthalmos (see below). Medial rectus muscle enlargement has also been recorded in venous and arteriovenous malformations in the orbit, and enlargement has also been observed affecting the lateral rectus muscle in three patients with lacrimal gland neoplasms. Another feature, which may be present on computerized tomograms of a pseudotumour or granuloma, is an apparent thickening of the posterior coats of the globe-probably the result of inflammatory tissue being contiguous with the posterior surface of the sclera. In some instances the abnormal tissue may fill the whole of the intraconal space, obliterating the outline of normal structures by an isodense mass. Other lesions which may give a not dissimilar appearance to a pseudotumour are the lymphomas and some metastases; and it is not always possible to make a clear distinction on -the CT morphology between an inflammatory process and malignant infiltration in the orbit.
Secondary orbital lesions
Tumours and other lesions in the middle fossa invading the orbit and causing proptosis may be clearly demonstrated by computerized tomography. A meningioma is the commonest tumour in this category. Other lesions such as neurofibromatosis or an infraclinoid aneurysm may also be shown, and the presence of a caroticocavernous fistula may be inferred if the superior ophthalmic vein is unusually conspicuous in a patient with clinical evidence of a shunt.
In the majority of patients, paranasal sinus disease invading the orbit is diagnosable by plain X-ray and conventional tomography. Computerized tomography may act as a substitute for conventional tomography in sinus disease ( Figure 4 ), but its main contribution in this respect is its ability to show the exact soft tissue extent of a tumour or granuloma invading the orbit, anterior fossa, or infratemporal fossa. Neoplasms and other expanding processes arising in the frontal sinus and ethmoids are optimally demonstrated in their extent and spread by computerized tomography ( Figure 5 ). For these studies coronal sections are clearly essential, Frontal sinus pathology cannot be adequately demonstrated on axial scans alone. By its ability to show the soft tissue extent of disease in the paranasal sinuses, computerized tomography has a unique and vital role to play not only in diagnosis but also in radiotherapy field planning and in subsequent monitoring of the response to radiotherapy.
Attenuation values andintravenous contrast medium
possible tissue recognition by means of the attenuation values and their behaviour after intravenous contrast medium has been investigated in a previous publication (Lloyd & Ambrose 1976) . In this study, consideration of the attenuation values from three common types of tumour found in the orbit (meningioma, haemangioma and lymphoma) showed that there was no means of differentiating these on the evidence of the initial attenuation values, or on the degree of enhancement following intravenous contrast medium. The only observable difference was found in the granulomas, some of which showed values in the negative range of the EMI scale. It was concluded, however, that the most probable explanation for this was the incorporation of normal fat cells found in the muscle cone within the inflammatory tissue. In other words, the presence of negative attenuation values simply indicated the infiltrative nature of the abnormality present and was not tissue specific. The work of Ambrose et al. (1977) has shown that it is unlikely that the contrast agents normally used, such as Conray, are taken up by the cells of tumours to any significant degree, and that the increased X-ray attenuation observed in cases of tumours following administration of these agents probably reflects increases in the vascularity and interstitial fluid mass in the region of the lesion. Thus the more highly vascular orbital tumours, those which can be expected to show a strong tumour blush on arteriography, are likely to show most attenuation enhancement. Haemangiopericytomas and some meningiomas are the tumours which most often fall into this category.
It follows from the foregoing that the injection of contrast medium for orbital computerized tomography is no longer a routine procedure. If possible, post-contrast scans to show tissue enhancement are to be avoided, since the injection of contrast converts what is essentially a noninvasive procedure into one which carries a similar morbidity and mortality to intravenous urography. Ifon the initial scans there is a clearly defined, obviously encapsulated mass in the muscle cone, such as an haemangioma or a neurilemmoma, injection of contrast medium is superfluous since in normal circumstances the treatment will be the same in either case (see above). Contrast should be used to show up doubtful space-occupying lesions in better detail, or when the initial scans are negative and an orbital space-occupying lesion is strongly suspected clinically.
Dysthroid exophthalmos
The enlargement of the extra-ocular muscles which occurs in this condition may be clearly demonstrated by computerized tomography. In addition to muscle enlargement, the intraconal space may appear enlarged and show a low-density infiltration. In dysthyroid patients the degree of muscle swelling, as depicted on computerized tomography, is often uneven and in some instances may be due to selective enlargement of individual or groups of muscles. .Enlargement of the medial rectus muscle may also cause a characteristic 'waisting' of the ethmoid labyrinth due to symmetrical pressure on the medial orbital wall ( Figure 6 ). Brismar et al. (1976) have recorded a pitfall in the differential diagnosis of endocrine exophthalmos by computerized tomography. Due to the bunching of the enlarged rectus muscles in the apex of the orbit, simulated tumour formation may be produced on the scan. This is explained by the tomographic section intersecting obliquely one or several enlarged muscles, producing the false tumour-like structure on the scan. The problem has been largely overcome by the use of Figure 6 . Dysthyroid exophthalmos with enlargement of the rectus muscles and 'waisting' of the ethmoid labyrinth routine coronal sections which will identify the enlarged rectus muscles in most instances. Failing this, orbital venography is the investigation of choice. This may give characteristic appearances of endocrine exophthalmos (Lloyd 1977) or, if there is a mass lesion at the orbital apex, may show obstruction or displacement of the veins. The so-called Tolosa-Hunt syndrome, in which there may be obstruction to the venous system either in the orbital apex or cavernous sinus, is a clear indication for orbital venography.
Discussion
The investigation of orbital disease can be considered, in three stages: the first is concerned with the imaging of bone structures by plain X-ray and conventional tomography; the second is the imaging of soft tissues, principally by computerized tomography, aided in some patients by ultrasonography; and the third stage is the demonstration of the vasculature by orbital venography or carotid angiography.
Plain X-ray examination remains the first investigation of patients presenting with proptosis. These studies should be backed up by good conventional tomography, particularly axial hypocycloidal tomography which is the most informative. The role of conventional tomography as an extension of plain X-ray techniques is important because it is still superior to computerized tomography in bone imaging. Despite the introduction of high resolution scanning, which has undoubtedly improved the demonstration of bone on computerized tomography, the partial volume effect means that in theory at least some bone erosion may be overlooked.
After the second stage of investigation by computerized tomography the majority of the causes of unilateral exophthalmos will have been revealed. There remains however the third stage of investigation, that of the demonstration of the vasculature by angiography. These techniques are now only required in a minority of patients, principally those with vascular anomalies in the orbit or intracranially. In the orbit venous malformations are an important item for differential diagnosis. The orbital venous system is peculiar in the frequency with which it is affected by congenital varicosities large enough to give clinical evidence of their presence. These are best demonstrated by venography, and their suspected presence clinically is a clear indication for this investigation. The second indication for venography is in the diagnosis of inflammatory processes (Lloyd 1977) . In the rectus muscle cone and apex of the orbit, a high proportion of obstructions in the intraconal course of the superior ophthalmic vein are due to an inflammatory process. This applies also to the Tolosa-Hunt syndrome in which obstruction may be shown in the venous system either in the third part of the superior ophthalmic vein, at the superior orbital fissure, or in the cavernous sinus.
The introduction of computerized tomography has made carotid arteriography less necessary for the routine investigation of proptosis. It has largely taken over the previous role ofcarotid angiography in the exclusion ofintracranial lesions causing proptosis. The technique has also made intraorbital diagnosis far more exact preoperatively, so that in most patients the apRfopriate surgical approach is clearly indicated and can be safely undertaken without the risk of the morbidity which attends carotid puncture. Arteriography should therefore only be carried out on selected patients, principally those who are clinically suspected of having an arteriovenous shunt or other vascular anomaly intracranially. Another category of patient requiring carotid angiography includes those with a very vascular tumour in the orbit where it is important to identify the feeding vessels prior to surgery.
